Langmuir 1997, 13, 6857-G8G0 



G857 



Notes XP-000900923 


p.d ml 











Nonionic Bolaamphiphiles and Gemini 
Surfactants Based on Carbohydrates 

Jolanda M. Postman.' K. Ronald Tcrpstra, 1 
Marc C. A. Stuart.* Henk A van Daren, Alain Brisson/* 
Richard M. Kellogg/ and Jan B. F. N. Engbcrcs*- 1 

Department of Organic and Molecular Inorganic Chemistry, 
University of Croningen. Nijcnborgh t. 9747 AC Croningen. 
The Netherlands. Netherlands Institute for Carbohydrate 

Research, Rouaanstraat 27, 9723 CC Croningen. The 
Netherlands, and Department of Biophysical Chemistry. 
University of Croningen. Nijenborgh 4, 
9747 AC Croningen. The Netherlands 

Received June 26. 1997. In Final Form: September 15, 1997 

Introduction 

Bolaamphiphiles (also known asbolaform surfactants, 
bolaphiles. or cl.qj type surfactants) aro molecules that 
have a hydrophtlic group at both ends of a (long) 
hydrophobic chain- 1-3 Compared to the case For the single 
headed arnphiphiles. the introduction of a second head- 
group generally induces a higher solubility in water, an 
increase in the critical micelle concern! ration (cmc). and 
a decrease in the aggregation number. 1 The aggregate 
morphologies of bolaamphiphiles include spheres, large 
cylinders, small and large disks, and vesicles. 1 

Gemini surfactants consist of two hydrophobic chains 
and two hydrophilic hoadgroups, linked by a relatively 
short (rigid or flexible) spacer. 4 s Thegemini surfactants 
reported thus far all possess ionic headgroups. 6 This class 
of compounds shows intriguing properties, including 
higher erne's for geminis with two long chains (10-20 
carbon atoms) than lor the shorter chain analogs, sub 
micellar aggregation, markedly low surface tensions, good" 
oil solubilization properties, and the format ion of thread 
like micelles. 4 -' 0 

The interest in nonionic bolaamphiphiles based on 
carbohydrates is increasing. 1 1 ~ 18 Recently, patents on 
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Figure 1. Structvjresorbis(l amino ! deoxy-D glucityOalkanes 
(1, R = H; la, n = 6; lb, n = 8; lc, n = 10) and bis(yV- 
tetradecanoyl 1 amino- 1 -deoxy D-glucityl)alkanes (2, R = C(0)- 
C3H27; 2a, n a= G; 2b, n = 8; 2c. /j = 10). 

carbohydrate based gemini surfactants have been 
granted, 19 - 20 but toour knowledge, nonionic (carbohydrate 
based) geminis have not been reported in the open 
literature. 6 Herein we report novel nonionic bolaam- 
phiphiles I, prepared directly from n glucose, and a.co 
diarninoalkanos and nonionic gemini surfactants 2, ob 
tainod by acylation of 1 (Figure 1). A preliminary study 
of their aggregation behavior has been made. 

Experimental Section 

Materials. Starting materials and solvents were purchased 
from any of the large chemical suppliers. 

Characterization. l H and ,5 C-NMR spectra were run on 3 
Varian VXU 300 spectrometer at 50 C Melting points, Krafft 
temperatures, and the correspondingenthalpies were determined 
by differential scanning calorimetry on a Pet kin Flmer DSC7 
PC Series apparatus (heati rig/cooling rates 5 K min -1 } The 
lyotropic mesophase textures were studied by polarizing optical 
microscopy using a Nikon polarizing microscope equipped with 
a Mettler KP82 hot stage (linked to a Mettler FP80 temperatur e 
controller) and a Minolta 7000 camera. 

Vesicle Preparation. Vesicles were prepared either * ? /:ih ■■• 
Branson cell disruptor (2 frii n. 40 VV, pulsed, 55 *C) or with an 
MSE sonicator (0 cycles of 20 s sonicarion with a 5 s rest period 
in between, amplitude 19, urn)- Solutions (5 mM) were prepared 
(5 rnL) and sonicated for 2 min. A 25 rnM aqueous solution of 
sodium dodecylben/enesulfonale (50 uL) was added, and the 
solution was sonicated again fur 2 min. 

Electron Microscopy. Aliquots of solutions of 2a -2c were 
applied on ca rboncoated formvar grids, negatively stained with 
a 2% (w/v) solution of sodium phosphotungstate (PI A. pi I 7 2), 
ami examined in a Philips 201 electron microscope (operating at 
100 kV). For cryo electron microscopy, aliquots of 2a and 2c 
were absorbed onto holey carbon grids which were (dunged into 
liquid ethane and then observed in a Philips CM I 20 electron 
microscope at about -170 C using a Caian (J2G cryo holder. 
Observations were made under low dose conditions, .it 120 kV 

B»s(l amino 1 deoxy n glucity Oalkanes (1). These bola- 
amphiphiles were prepared in yields up to 75% by catalytic 
hydrugonation at elevated pressure (40 bar, id "C. 2-1 h) of 2 rnol 
equiv of n glucose and the appropriate a.ot diaminoalkane in 
the presence of S% palladium on carbon. The products could he 
crystallized from their reaction mixtui es (methanol/water) after 
the Pd/C had been filtered off. 

Bis(l amino I deoxy u g!ucityl)hexane (la). MfNMR 
(DMSO tk. |>pm) I M (rn. Hi). 1 .2(5 (m, Hi). 2 IK (m, 8K). :i.39 
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Figure 2. Formation of (yotropic mesophases in a contact preparation of water and 2c, -15 C: from top to bottom, water— myelin 
figures— 1^. 



(m. 12H).3.5I Cm. SI I) l3 C NMR (DMSO-^. ppm): 26.66.29.31 
{C>; Cy). 49.17, 50 97 (C r . C,). 63.67 (C fi ). 70.76. 70.86. 7112. 
71.36 (C 2 -C 5 ). 

Anal. Calcd for C lft H.,cN z O,o: C. 48.61; H. 9 07; N. 6.30. 
Found: C. 48.68: II. 8.99; N, 6 31. 

Bis(l amino ! deoxy D-glucityl)octane (lb). Anal. Calcd 
for C. 0 nnN 2 O, 0 : C 50.83; M, 9.38. N. 5.93. Found C. 50.88, 
H. 9 .35; N. 5.84. 

Bis(l amino- 1 deoxy-o-glucityl)decane (Ic). Anal Calcd 
for CzzMwNzO.o. C, 52 78; 11.9 66; N. 5.60. Found: C. 52.55; 
[(. 9.39. N. 5.48 

Bis(iV-tetradecanoyl - 1 amino - 1 deoxy D-glucityl)- 
alkanes (2). Tbc corresponding geminis (2a -c, Figure 1) were 
obtained by acylarionof the bolaamphiphiles with a small excess 
of teuadecanoic anhydride in ethanol The solution was neu 
tralized with DowexOI I" (Sigma). The products were crystallized 
from ethanol (2 a, 65%) or ethyl acetate (2 b. 73%) or were extracted 
with hexane (2c, 78%, to remove excess fatty acid). 

Bis(;V tetrad ecanoyl- 1 amino - 1 -deoxy D-glucity I) hex- 
ane (2a). <H NMR (CD 3 OD. ppm) alkyl chain 0.97 (t. 61 1), 1 .37 
(s. 4 111). 1 .67 (rn. 81 1). 2 18 (dt. 4! I), sugar moiety 3.56 (m. 181 1). 
4.04 (rn. 21 1). 4.73 (s. I OH) n C NMR (CDjOD. ppm): 1 4.66 (C n ••). 
23 92. 26.9 1 . 27 0 1 , 27.8 1 . 27.89. 28 4 5. 30.04 . 30.65. 30.77. 30 85, 
30.98. 33.28. 3 1 33. 34 60 (C, Cy. C r -C, 3 ). -17.65. 5 1 .02. 51 .99 
(C|-.Ci).65.lO(Co).7l 67.72 03. 73. 1 1 . 73.43. 73. 55. 73.63. 74. 1 0. 
74 57 (C, C- t ). 176 67, 176.79. 176 85 (C, ). Note double or 
triple resonances are due to the presence of rot amers caused by 
the amide bonds Anal. Calcd for C , G H.„N 2 0 , 2 : C. 63.89; I 1. 
10.72; N. 3.24. Found" C. 63.56; I f. 10.55; N. 3.32 

Bi s(.V -tetradecanoy I 1 - amino 1 deoxy- nglu city I) - 
octane (2b). Anal Calcd for C uJW^Ou: C. 64 54 . II. 1 0.83; 
N. 3.14. Found. C, 64.57; 11. 10 79; N. 3 21 

B i s ( .V- tctradeeanoyl 1 amino I de oxy D-glu city I) - 
decane(2c). Anat Calcd for CwM^NvOu' C. 65. 1 8; I [, 10 9 I. 
N, :* 04 Found C. 65 60. II. 10 75. N. \ 07 Due lu problems 
with thr crysialli/ation no fully salislVutoiy analysis could be 
obtained. 

Results and Discussion 

The aggregation behavior of I he bolaamphiphiles and 
ihegernini sin facia ul s was studied by means nl t he cord act. 



Table 1. Physical Properties of 
Bis(l-arnmo-l-deoxy-D-glucityl)alkanes (t) and 
Bis(.V-tetradecanoyI 1 -amino I -deoxy-o glucityl)alkanes 
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compd 


mp ( C) 


(kj-mol ') 


^Kram-' ( t) 


(U-fnt)l- 1 ) 


la 


151.1-153.4 


112.8 


53 


28.0 


lb 


151.9- 154.2 


116.0 


74 


55.0 


1c 


150.0-152.0 


116.5 


90 


81.4 


2a 


7G.8-82.2" 


57.4 


32 


155 


2b 


94.4 -96. 9 C 


83.7 


43 


63.7 


2c 


83.1 -87.6 


63 9 


38 


50.7 



- 1 Broad tt ansition h Clearing point. 135 2 C (smoctic A phase). 25 
•" Monotropic smectic A; clearing point u|xin cooling, 14.5 C 25 

preparatioti met hod When water penetrates an am 
phiphilic sample, one or more lyol topic mesophases are 
often formed as bands around the anhydrous bulk of the 
sample, arid consequently the entire concent nil inn range 
from pure water lo anhydrous compound is present. 21 
These lyn tropic mesophases arc an indication of the kind 
nf aggregates formed when the compound is dissolved in 
water. Cnfor innately, the bolaamphiphiles la— ledis 
solve in water only at high temperatures and do nor form 
lyotropic mesophases. The gernini surfactants, on the 
oilier hand, show intriguing properties upon hydration 
Gemini 2c displays myelin formation in t he temperature 
range from -15 XI to about 05 { C (Figure 2). which suggests 
that vesicles will Ik? formed in dilute solution 21 22 By 
contrast, geminis 2a and 2b show cubic and lamellar 
phases, (ho latter being observed at higher surfactant 
rnncentrat ions. 

The Krafft temperature of a surfactant maybe viewed 
as its me 1 1 i rig point in an aqueous environment 22 I ti t he 
solid state, the hydrogen bonds and t he I .ondon dispersion 
fin ct\s are much stronger in the tightly packed linear 



• 21) Van Dcimn fl \ . Wing*>i l. L \l Red TVat Chun Pav 
1994. 113. 

\22) Van Dim en. II A In Cirbahytfistrc* av Organic tf.m \f<ir t ri,ih 
///: Van fVkkum. II. Roper. It. Vm ayon. A (', I. Kds : VCfl 
Puhli.shei s VV.Mrthi'iiii. Cormaiiy. 1996. |» 255 



BNSDOCID: <XP__900923A_L> 



Notes 



!.nrt§^u\ Vol 13, /Va 25, 1997 G850 




Figure 3. Negatively stained (2% PTA) electron rriirrogniphs 
ol (a) 2a fpresonceof threadlike micelles) and (1>) vesicles formed 
b\ 2c. The hn rs represent 100 run 

bolaamphiphiles than in the gemini surfactants, whoic 
close packing is hampered by tlic presence oft wo bulky 
acyl side chains. This results in lower Krafft lemperatu res 
as well .is in lower molting point s (an<l melting enthalpies) 
fur (Ik? gemini surfactants (Table t). For (.be bolaam 
phiphiles, the spacer length has little inlluenee nn the 
melting points an* I ( he ent 1 1 < 1 1 p y of r rt< *l f ing. ibis suggests 
that the [), irking of these compounds in 1 1 ic* solid state is 
similar -Hid determined pi ednmi riant ly by t be car ho 
h>di ,ite headgi <»up 1 7 

Solutions of ihe gomini.s were prepared by sonicating 




Figure 4. Cryo transmission electron mirrograph showing 
sheets, vesicles, and threadlike micelles formed by 2a The bar 
represents I 00 urn. 

5 mM t in bid solutions of compounds 2a — 2c at 55 V/, it. 
was necessary to add 5 mo I % of an anionic surfactant 
(sodium dodecylbenzencsulfonate) to increase the solubil- 
ity of the gemini surfactants. Rlectron microscopy con 
firmed that the length of the spacer of the gemini 
surfactants has a dramatic influence on the morphology 
ol the aggregates formed. Electron micrographs of 
negatively stained samples (Figure 3) show that 2c, with 
a spacer length of ten methylene groups, forms vesicles 
(as predicted), whereas compounds 2a and 2b with spacer 
lengths of six and eight methylene groups, respectively, 
display threadlike micelles (Figure 3a). Since negative 
staining is known to give rise to staining and drying 
artifacts. 23 we also performed cryoelectrou microscopy 
experiments on compounds 2a and 2c which provide a 
more realistic view of the samples under investigation.-" 1 
For 2c again vesicles were observed. Compound 2a 
displayed sheets and both vesicles and threadlike micelles 
(Figure I). We simultaneously observed t hat the solution 
of 2a is (dear when prepared at 55 C and then becomes 
bluish after 0. 5 h in an oven at (50 C and turns clear again 
when cooled down to room temperature. The ultimate 1 
dear solution is viscoelaM ic and much more viscous t han 
water ((he initial clear solution is not viscoelasl ic) . We 
contend that this viscoelast icily is due to the conversion 
of vesicles into threadlike micelles. The clear, viscous 
solution remains stable for about I day. The solution 
prepared from 2b is bluish a( room temperature and 
becomes clear and viscoelast ic when placed in the rofrig 
erator. For both compounds, this process is reversible. 
I"he solution of 2c remains bluish at all temperatures, is 
not viscous, and does not display viscoelast ic behavior. 
Ibis indicates that the vesicles formed by the gemini 
surfactants become more stable when the sparer length 
is increased. 

Conclusions 

A series of nonionic bolaamphiphiles and gemini sue 
(art ants was s> nthesi/ed. The gemini sur lactams show 
interest ingaggregat ion beha\ ior When the spacer length 

[I'M Kilpati uk/P K Mdl.M.W r. . Talm.ui. Y J t>//v:,/ inrr; f.u r 
St : 1085 /.//. ! Hi 

[2 I) DhIi.m I id I Adrian. \| fhao^.l.J Monro, j e | u lt j 
\H)u-.\all. \ W. Si hull/ P U A'er Hw;>t;\* IM«8. _V. \Z < ) 

(2-iJ Van Dniori. It A fnpsi'i.i. K R / l.'afe: ('in::: l<}!>5 Z I 
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is decreased from 10 to 6 methylene groups, the vesicles 
formed by these surfactants become less stable and turn 
into threadlike micelles upon cooling, thus giving the 
solution a viscous and viscoelastic character. This process 
is reversible. 



Notes 

Acknowledgment. This work was supported by the 
Dutch Foundation for Scientific Research -Foundation for 
Technical Sciences (NWO-STVV). 

LA970681K 



BNSDOCID: <X P_900923A_J_> 



